ABSTRACT.--To investigate the possible relationship between habitat changes and population declines in the American Redstart (Setophaga ruticilla), I studied redstart population structure in habitats spanning a successional gradient in northern hardwoods forests of the White Mountains, New Hampshire during the summers of 1992 to 1994. Early successional stands, in general, supported higher densities and a greater percentage of older (ASY) males than did mature stands. Among mature forests, redstart densities and proportions of ASY males were lower in stands with greater representation of conifers. Mating success varied among habitats, primarily for yearling males, which were more likely to obtain a mate in the early successional habitats and less likely to do so in coniferous habitats. Territories were significantly smaller in early successional habitats. The combination of high densities, high proportions of older males, high mating success in yearlings, and small territory size supports the hypothesis that early successional habitats are more suitable for redstarts than are older forests. Early successional habitats may be more suitable due to higher prey availability and/ or reduced predation on nests, although conclusive data are not available for either of these 
RoeCEIqr DECLINES in populations of
Redstarts by measuring a suite of population parameters that can reflect habitat suitability, namely density, age ratio, mating success, arrival time, and territory size. Data on habitat quality across a variety of habitats are needed before hypothesized relationships between habitat changes and population declines can be evaluated.
METHODS
Study sites.--This study was conducted on 44 forest stands in the Pemigewasset Ranger District of the White Mountain National Forest, New Hampshire.
Sites were selected from U.S. Forest Service (USFS) stand records, based on the following criteria: (1) the vegetation of the stand was classified by the USFS as "northern hardwoods association;" (2) the stand was at least 10 ha in size; (3) the stand was accessible; and (4) the stand was at least four years old (time since last harvest). All stands harvested since the 1940s had been clearcut, and I presumed that most of the older ones were as well, although information on harvest methodology was not available for all older sites. The sites sampled represented a broad range of stand ages, spanning 4 to 122 years, and thus encompassed a broad range of possible habitats within a heavily forested region. Although some information on landscape characteristics was available for each stand (e.g. distance to other stands, size and age of adjoining stands, etc.), it was not considered when choosing sites or used in any analyses because of potential reductions in sample sizes.
Vegetation sampling.--Habitat characteristics at the 44 census sites were measured using a point-centered quarter method (Cottam and Curtis 1956), with 10 points per stand. In each quadrant around points, I measured the distance from the point to the nearest stem >3 cm dbh, and then recorded the species of tree and its dbh. Numbers of shrubs and saplings were counted within a 2-m radius of each point. The vegetation points were not necessarily the same as the redstart census points (see below) but were located in the same part of the stand and reflected the habitat characteristics of the area censused as a whole. The distances and tree sizes at each point were used to calculate densities, basal areas, and relative importance values for the common tree species in each stand.
Bird censusing.--Numbers of territorial male redstarts at each census site were determined using a playback-based point count technique, modified from Sliwa and Data analyses.--Principal components analysis (PC_A) was used to determine relationships among the vegetation variables, resulting in components that were useful descriptors of habitat gradients. The PCA was based on the densities of seven common tree species and the combined densities of three uncommon conifer species (Table t) , all expressed as relative densities (actual density divided by total tree density). Two taxa (sugar maple and yellow birch; scientific names in Table t) Variation in redstart population variables along the vegetation gradients was analyzed in two major ways. For patterns across all sites, I used multiple regression to examine the relationships between the vegetation gradients (scores on PCt and PC2) and redstart abundance and age ratios. Differences in redstart abundance, age ratio, and mating success among distinct habitats (based on clustering analysis of vegetation characteristics) were compared using ANOVA and t-tests (or Kruskal-Wallis and Wilcoxon tests when sample sizes were small). All analyses were performed on each year's data separately, as well as on means for sites that were censused in all three years.
Means for age ratios are based on sites for which I had at least two years of data, because the sample that met acceptance criteria (at least 50% of males seen) in all three years was small.
For arrival times, I determined the first date on which each resident male (i.e. males detected on mating-success surveys) appeared at each site. I then determined the number of resident males present during each subsequent three-day period. Data for each site were summarized as the number of resident males present during each three-day period. Mean numbers per habitat were compared in each three-day period using either Wilcoxon or Kruskal-Wallis tests.
RESULTS
Vegetation characteristics of the study sites.--Sites occupied by redstarts initially were characterized using principal components analysis based on densities of common tree species. The first two principal components collectively explained 76% of the variation (Table 1) . Principal component one (PC1) explained 59%, with high negative loadings for pin cherry and small birches and high positive loadings for sugar maple and American beech (Table 1) . This pattern is consistent with a successional gradient in northern hardwoods forest in which pin cherry and small birches are common in early stages, but eventually are replaced by large beech, sugar maple, and yellow birch (Marks 1974). PC1 scores also were highly correlated with forest age (r = 0.8, n = 44, P < 0.001). The second principal component (PC2) explained 17% of the variance and had positive loadings for conifers, large birch, and red and striped maples, and negative loadings for pin cherry, beech, and sugar maple (Table 1) . A similar component (i.e. a gradient from red maple/birch/ conifer to sugar maple/beech) was reported by Sherry and Holmes (1985) within mature forest at Hubbard Brook, and was interpreted as reflecting increasing conifer density in response to changes in moisture and other physical factors. Hereafter, I refer to PC1 and PC2 as the successional gradient and the conifer gradient, respectively.
Cluster analysis based on the vegetation gradients revealed an initial separation of the 44 sites into two large groups, with the larger group further divisible into two major subgroups. When PC1 was plotted against PC2, stands younger than 30 years separated from those > 30 years old along the successional gradient (Fig. 1) . A similar separation of early successional and mature stands was reported by Aber (1979), based on foliage height profiles. Within the mature forest cluster, two smaller clusters corresponded to sites that separated along PC2, thus representing habitats with relatively high or low conifer densities (Fig. 1) . All further references to the results of the cluster analysis will refer to the habitat types as "early successional" and "mature" along the age gradient, and as Redstart abundance.--To assess the reliability of the census methodology, numbers of redstarts detected on censuses were compared with numbers of redstarts detected during matingsuccess surveys at the same sites. The two measures were positively correlated (r = 0.96, P < 0.001, n = 17), indicating that the playback census was a reliable method for estimating redstart abundance. Therefore, I used the playback census data for assessing redstart abundance, because it was available for all years and covered a larger geographic area.
When all three years were analyzed together, mean redstart abundance declined significantly along the coniferous gradient (PC2; F = 6.89, P = 0.01) but did not vary along the successional gradient (PC1; F = 2.75, P = 0.11; R 2 = 0.29, df = 2 and 24 for both). The lack of significance of PC1 probably resulted from the 1993 data, in which redstart abundance in mature deciduous habitats did not differ from that in early successional habitats. When the same regression model was applied to each year's data individually, redstart abundance declined as forest age ( Fig. 2A) (Fig. 2C) , these differences were not statistically significant (X 2 = 4.71, df = 2, P = 0.10). However, yearling mating success was significantly higher in early successional habitats when compared to the two mature habitats combined (X • = 4.49, df = 1, P = 0.03). When both age classes are combined, there were no significant differences among the three habitats (X • = 4.0, df = 2, P = 0.14), although the differences between early successional and coniferous stands were significant when compared directly (X 2 = 5.06, df = 1, P = 0.025). Within habitats, there was no significant difference between ASY and SY mating success in early successional stands (X 2 = 3.05, df = 1, P = 0.08), whereas significantly more ASYs than SYs were dance of these two age classes serves as a second measure of habitat suitability, with better habitats dominated by older birds and poorer habitats occupied more by yearlings. In this study, redstart age ratios supported density assessments: older males predominated in habitats with high redstart densities (Fig. 3A, Table 2 ). This is contrary to the hypothesis that highdensity habitats are occupied primarily by subordinate, in this case yearling, individuals.
Habitat quality also may vary in terms of the likelihood that a male will obtain a mate and thus potentially produce young (Gibbs and Faa- porting the hypothesis that high-density habitats are more productive. Data on per capita reproductive success in these different habitats are needed to confirm these interpretations and to provide an ultimate assessment of habitat suitability. Another measure that may reflect habitat quality is territory size, which often is assumed to reflect underlying resource levels (Smith and Shugart 1987). Specifically, birds in habitats with more concentrated or higher-quality food may not need as much space to meet their resource needs, defending smaller territories as a result (although experimental food manipulations have failed to achieve this result; see Franzblau and Collins 1980). Because some evidence suggests that insects are more abundant in early successional habitats (Edwards-Jones and Brown 1993), the finding that redstart territories were significantly smaller in early successional habitats than in mature forest (Fig. 5, Table 2 ) is consistent with the hypothesis that territories may be smaller in resource-rich habitats. Alternatively, reduced territory size may result from high redstart densities rather than being a consequence of higher resource levels. In extreme cases, it is possible that such reduced territories may not contain enough food to support reproduction, as might be the case if high-density habitats are primarily overflow areas for individuals excluded from more suitable habitats.
Although densities in this study were higher in the habitats with smaller territories, there were always unoccupied areas of habitat (Fig.  5) , suggesting that territories were not being compressed or constrained by the presence of neighboring birds. In addition, there were no detectable differences in vegetation between redstart territories and unoccupied areas in early successional habitats (Hunt 1995), implying that most of the available area was equally suitable. These data strongly suggest that territory size, at least in early successional habitats, is not affected by redstart density (acting through territory compression) or by intra-habitat vegetation differences (as measured by Hunt 1995), leaving resource quality as a likely possibility.
If birds can accurately assess habitat quality, they might be expected to arrive at and establish territories in high-quality habitats before lowquality habitats, as predicted by the ideal free and ideal despotic distributions (Fretwell and Lucas 1969 
